Introduction
The male reproductive system is very sensitive to environment. The environmental pollution is one of the factors contributing to the decrease of sperm quality for human beings (1, 2) . In recent years, declining sperm counts and quality become an important health issue because environmental pollution (3) (4) (5) . Some researchers have reported that low levels of cadmium (Cd) accumulation in semen may contribute to male infertility by reducing sperm quality (6) . Chromiumis (Cr) is an essential nutrient required for sugar and fat metabolism, excessive Cr can affect human oxidationreduction and hydrolysis reactions, lead to denaturation of protein, precipitation of nucleic acid, and interfere with normal enzymatic activity (7) . Cr acts as cofactors for a variety of important enzymes, have been associated with reduced semen quality in rodents and in humans (8) . Copper (Cu) is also an essential element required for animal and human health, but excessive Cu may be harmful. Cu is cofactors for a variety of important enzymes, and Cu might be mediators of the effects of oxidative damage and plays an essential role in spermatogenesis and male infertility (9, 10) . Rapid development of modern science and technology has lead to newest period of electronic products, thus large quantities of electronic waste (e-waste) are generated. The dismantling and disposal of e-waste in China causes concern because of its impacts on the environment and risks to human health. Uncontrolled family-run e-waste recycling often damage the environment and local people's health (11) (12) (13) . There are more than 1000 different substances in e-waste, many of which are highly toxic. One of the most materials in ewaste is lead (Pb). Pb exerts known reproductive toxicity. We found that Pb exposure had some correlation with semen quality of men in e-waste environmental pollution site (14) . Cd is found in some switches, soldered joints, rechargeable batteries, ultraviolet stabilizers in older PVC cables, and "phosphor" coatings in older cathode ray tubes. Cr is one of the most widely used in electronic devices for various purposes including preventing rust and beautification of steel (15) . Cu is widely used in electronics products due to its high electrical conductivity, primarily as a pure metal, or as part of mixture (alloys) with other metal, for example from wires and cables. And there are many other metals in e-waste, including barium, cobalt, gold, mercury, nickel, silver and zinc etc. When e-waste is improperly dismantled and recycled, toxic heavy metal such as Cd, Cr and Cu can be released to the environment. Elevated level of dissolved Cd and Cu was found in river within ewaste pollution area (16) . Some river sediments in e-waste pollution site were also contaminated with Cd (n.d.-10.3 mg/kg), the maximum concentration of which was 17.8 times higher than the US Environmental Protection Agencydefined threshold effect level of Cd (0.58 mg/kg) (17, 18) . Sampling chemical examination showed that Cr concentration in river sediments of ewaste pollution site is 1,338 times higher than the soil-pollution-risk threshold issued by the U.S. environmental protection agency (17) . In this study we presumed that male reproductive health might be influenced by local e-waste environmental pollution. We investigated Cd, Cr and Cu level and sperm quality of man in e-waste environmental pollution site, and explored the effect of e-waste environmental pollutions on male reproductive health.
Materials and Methods

Study Population
Volunteers were recruited from an e-waste environmental polluted area (exposure group) in 2011. Volunteers are workers and other staffs in factory that were engaged in the dealing of e-waste. For control groups volunteers were recruited from towns which is 100 km away (control group one) and 200 km away (control group two) from pollution area, and does not have e-waste factory. The population, traffic density, cultural background, lifestyle, and socioeconomic status of the three sites were similar. This study excluded the adult men that have congenital diseases, hypertension, diabetes mellitus, infection symptom and male reproductive disease. The study was approved by the Human Ethics Committee of Medical School of Ningbo University.
Sample Collection and Storage
Sperm samples were collected from thirty individuals in environmental pollution area, thirty two and thirty three individuals from control sites of control group 1 and control group 2, relatively. Participants had been directed to abstain from ejaculation for 3 to 5 days before providing the semen. Semen was collected via masturbation into separate sterile glass beaker, incubated at 37 °C for 30 min, allowing the sperms to stay active. Then semen was diluted and obtained a concentration for computer-aided sperm analysis. After that, the samples were subjected to 1,000 ×g centrifugation for 25 minutes to break the seminal plasma. Seminal plasma was stored at -20 °C for detecting Cd, Cr and Cu concentration.
Computer-aided Semen Quality Analysis
After liquefaction and within 1 h of ejaculation, the samples were analyzed for semen volume and pH. Each specimen was diluted at least 1:1 with phosphate buffered saline and loaded into one chamber of a 20-micron-deep chamber, placed on a stage warmer set to 37 °C, and observed. The sperm count and motility were determined by an eyepiece reticule and bright-field light microscopy at ×400 total magnification (Sperm analytical system MX7.5). Sperm motility was defined as WHO motility grade A (rapidly progressive motility), grade B (progressive motility), grade C (non progressive motility), or grade D (immotile) by systematic visual scanning of the microscopic field. Each analysis was conducted in duplicate for each specimen on the same microcell by the same technician. Sperm concentration values were measured using the improved Neubauer hemocytometer method according to the WHO 1999 guidelines.
Heavy Metal Concentration Analysis
Semen was collected by masturbation into sterile heavy metal-free plastic containers. After that, the samples were subjected to 1,000 ×g centrifugation for 25 minutes to break the seminal plasma. Seminal plasma were added to portions of optima grade concentrated nitric acid in a glass centrifuge tube at 80°C for removing protein in fume cupboard. The resulting aqueous digests were diluted 5-fold with 2% nitric acid to provide sufficient volume of each sample to determine several heavy metals by Graphite Furnace Atomic Absorption Spectroscopy (SHIMADZU GFA-7000, AA-70000, Japan). The main parameters used for Cd determination were wavelength 228.8 nm, current 2 mA, slit width 1.2 nm, drying at 90, 105, 120 °C, ashing at 300 °C, and atomization at 1,300 °C. The main parameters used for Cr determination were wavelength 357.9 nm, current 4 mA, slit width 0.8 nm, drying at 90, 105, 120 °C, ashing at 1,100 °C, and atomization at 2,400 °C. The main parameters used for Cu determination were wavelength 324.8 nm, current 2 mA, slit width 0.8 nm, drying at 90, 105, 120°C, ashing at 800°C, and atomization at 1,800 °C. The relative standard deviation was less than 10%. Recovery rate was between 89.4% and 91.2%.
Statistical Analysis
All analyses were performed using SPSS v13.0 (SPSS Inc., Chicago, IL, USA). Student-NewmanKeuls analysis of One-way ANOVA was used to compare intergroup values of semen quality and Cd, Cr and Cu concentration. Spearman rank correlation analysis was used to evaluate the correlation between Cd, Cr and Cu concentration in seminal plasma and semen quality. A P<0.05 was considered statistically significant.
Results
Cd, Cr and Cu Concentration in Seminal Plasma
Each seminal plasma specimen was assayed in quadruplicate for Cd, Cr and Cu ( Table 1 ). The mean of seminal plasma Cd, Cr and Cu values in exposure group were significantly higher than the controls, populations not occupationally exposed to Cd, Cr and Cu (6.328 μg/L, 3.354 μg/L, 1.356 μg/L). 
Correlation between Semen Quality and Heavy Metal Concentration in Seminal Plasma
We had previously measured semen quality of the men in e-waste environmental pollution area (14) . 
Discussion
This study indicated that the mean of seminal plasma Cd, Cr and Cu value in e-waste pollution area was higher than the controls. Seminal plasma Cr values displayed a significant negative correlation with sperm motility, sperm rapid progressive motility and norm morph sperm rate. Cu values also displayed a negative correlation with normomorph sperm rate. Cd did not display a significant correlation with semen quality. High concentrations Cd affect semen quality (19) . Even low concentrations of Cd were associated with sperm concentration, motility, morphology, and head pathologic sperms (20, 21) . But some studies showed no correlation between higher and low Cd concentrations and sperm concentration, motility, impairment of morphology (22) (23) (24) . Moreover, this study demonstrated no effect of Cd concentrations in spermatic fluid on sperm density and motility. Cr exists in two stable states: Cr (III) and Cr (VI). The toxicity of Cr for the different valences is quite different. Cr (III) is a necessary trace element of the human body, but excessive intake of Cr (III) may bring about health damage. Cr (VI) is generally considered 1,000 times more toxic than Cr (III). Cr (III) is not very soluble and is immobilized by precipitation as hydroxides. Cr (VI) is toxic, soluble, and easily transported in water resources (9) . The experimental study suggested that Cr may cause testicular atrophy and reduce sperm count and motility (25) (26) (27) . A reduction in sperm count was seen in male mice fed with 15.1 mg hexavalent Cr/kg/d for 7 wk (28). Occupational group with exposure to Cr have some adverse effects on sperm morphology, motility and physiologic functions (29) . Danadevi et al. showed deterioration in sperm quality among welders exposed to Cr, there was a significant negative collocation with blood Cr levels and sperm concentrations (30) . Li et al. observed a reduction in the sperm count and motility among Cr exposed workers as compared to controls (31) . Cr exposure has some effect on human sperm morphology (32) . The present study found a significant association between deterioration in sperm motility, sperm rapid progressive motility, norm morph sperm rate and seminal plasma Cr values. Cu levels in seminal plasma in the subfertile male group were significantly higher than those in the fertile male group (33) . However another study could not observe differences in the levels of Cu in seminal plasma between fertile and subfertile males, and found a significant positive correlation between blood Cu concentrations and sperm motility (34). Li et al. showed a statistically significant negative correlation was observed between the levels of Cu and the sperm concentrations (35) . Jockenhövel et al. demonstrated a significant correlation between Cu concentrations and sperm count, motility and normal morphology (36) . Ackerman et al. found an effect of high concentrations of Cu on sperm morphology (37) . In our study, the concentration of Cu was higher in the pollution group and displayed a negative correlation with normomorph sperm rate.
Conclusion
Seminal plasma Cd, Cr and Cu values in e-waste pollution area were higher than the controls, and there is correlation between the Cr and Cu values of seminal plasma and semen quality. Our results suggest that male reproductive health may be threatened by environmental pollution, and it may be influence local population diathesis.
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